DASA 1852

THE EFFECTS OF AMBIENT PRESSURE

OX TOLERANCE C° MAMMALS
T0 AIR BLAST

STATIMENT NC, 1\

Distribution of This focuzent 1s Unlin

Edward G. Damon, Charles S. Gaylord,
William Hicks, John T. Yelverion,
Donald R. Richmond, and Clayton S. White

DDC
- S
Technical Progress Report b i
on SOJUN T3 IR
Contract No. DA-49-146-XZ-372 L. -
I RV I Sl
C

This work, an aspect of {nvestigations dealing with

the Biological Effects of Blast from Bomba, was

supported by the Defense Atomic Support Agency of

the Department of Defense.

(Reproduction in whole or in part is permitted for any

purpose of the United States Government. )

Lovelace Foundation for Medical Education and Rosearch

Albuquerque, New Mexico

August 1866

ARENIVE COPY




-——

CASA 1832
THE EFFECTS OF AMBIENT PRESSURE

ON TOLERANCE OF MAMMALS
T0 AR BLAST

Edward G. Damon, Charles S. Gaylord,
William Hicks, John T. Yelverton, Pe
Donald R. Richmond, and Clayton S. White

Technical Progress Report
on
Contract No. DA-49-146-XZ-372

This work, an aspect of investigations dealing with
the Biological Effects of Blast from Bombs, was
supported by the De{.nse Atomic Support Agency of
the Department of Defense.

(Reproduction in whole or in part is permitted for any
purpose of the United States Government. )

Lovelace Foundation for Medical Education and Research
Albugquerque, New Mexico

August 1966




FOREWORD

Thia report prescnts the results of experiments designed to investi-
gate the relationshipbetween animal tolerance to air blast and the ambient
prcssure existing at time of exposure. Thetolerance of ruts, guinea pigs,
dogs, and goats exposed in shock tubes to reflected pressures with dura-
tions of 16 to 35 msec at experimental ambient pressures ranging from
5 to 42 psia was explored. The results indicated .he effects cf ambient
pressure on mammalian response to ''sharp''-rising overpressures of
"long ' duration were quite significant; viz., lethal overpressure varied

by factors of 4 to S5,

The findings may be applied to problems invoiving the scaling of bio-
logical blast effects to differences in altitudc -~ potential blast exposure
in pressurized or evacuated locations. They a.e also of significance in
“he evacuation of blast-produced casualties by air or other methods in-
volving ambient pressure changes.

This study is part of a broad program, the aims of which arr the
accurate prediction of numan tolerance to air blast and the developmnent
of appropriate procedures for the diagnosis, prognosis, and treatment of
blast injuries.




ABSTRACT

Seventy-six dogs, 43 goats, 21l rats, and 155 guinea pigs were ex-
pcsed to reflected shock pressures at ambient presaures ranging fron 5
to 42 ps.a in air-driven shock tubes. Animal tolerance, expressed 1s
LDgg-one-hour overpressures rose progressivelr as the ambient pres-
sure was increased.

By analysis of the results of this study, combined with those from
previous shock-tube investigations, a general equation for the regression
of LDgQ pressurc on ambient pressure for mammals was derived. From
this cquation and previous estimates of the LDs0 pressure for man's tol-
erance to overpressures ol 400-mesec duration at an ambient pressure of
12 psia, an equation relating LDgy pressure to ambient pressure was
deveioped for the 70-kg mammal

. o -




ACKNOWLEDGMENTS

The authors wish to express their appreciation tn the personnel of
the Department of Comparative Environmental Biology for their able
technical assistance in conducting the satudy,

Appreciation is also expressed to Mr. Wilmer R. Kerzee, Dr. E.
Royce Fletcher, Mr. Ray W, Albright, and Mr, Edward A. Spelich for
conducting the probit and regression analyses.

LR}

>

\

@x

\
/4

C.‘ .

&




TABLE OF CONTENTS

Foreword . . . . ¢ + . « « « « v e« 4 4 e u

Abstract . . L. . . e . e e e e e e e e
Acknowledgments . . . . . . . o v v e e e .
Introduction ., . e e e e e e e e e e e
Materials and Methodl e e e e e e e e e e e
General . . . . . . .0 e e e e e
Shock Tubes . . e v e e e e
12-Inch Dxameter Shock Tube e e e e e

24-40-Inch Diameter Shock Tube . . . . . .
Pressurc-Time Measurements . « . .« + « o+

Presaure-Time Sequences. . . . . . . . . .
Experimental Animals . . . . . . . . . .« .
Analysisotthe Data, . . . . . . ., . . . .
Results . . e e e e e e e e e e
Pathologxcal Fmdmgl .o e e e e e
Results of the Probit Regreuxon Analy-e- e e
Discussion . v e e e
Effects of Ambxent-Preuure Changel
on Animal Tolerance to Air Blast. . . . . . .
Estimates for the 70-Kg Mammal . . . . . . .
Pressure Ratio . . . . . . . . . .+ .« . .
Practical Implications . . . . . . . . . . .

LIST OF TABLES

l.  Animals Exposed to Air 3last

at Different Ambient Preasures . . . . . . .
2. Results of Probit Analyeis e e e e e e e
3, Effecte of Ambient Pressure

on Tolerance of Mammale to Air Blast . . . . .,

LIST OF FIGURES

1. Diagrain of 24-40-Inch Diameter Shock Tube .
2. Typical Preswure-Time Waveform Recorded by Glm
) Inches from Eniplate . . e
). (a-b) Overail Pressure-Time Pro(:lel tt Ambunt
Pressures of 7 and 12 Psia . . . . .

). (c-d) Overall Preasure-Time Profiles at Ambxent
Pressures of 15 and 18 Psia
4. Probit Mortality Lines for Rats Expoud to Rcﬂcct&d
Pressures of 16-Meec Duration at Yarious Ambient
Pressures . . . . . . . . . . . . O

iv

— — e A

VDO OV VN UNINNDN N

19
19

10
15

~ o

11

¢

-

=@«




List of Figures {Continued)

5. Probit Mortality Lines ‘or Guinea Pigs Exposed to Reflected
Pressures of 16-Msec Duration at Various Ambient
Pressures . . P
€. Probit Mortality Lnnea (- Dogl l"xpcued to Reflected
Preasures of 35-Msec Duration at Various Ambient

. .

Pressures . . . e e 13
7. Probit Mortality Lmel for oats Expoued to Reﬂected
Pressures of 35-Msec Duration at Various Ambient
Pressures . o . 14
8, Ei.fects of Ambient Prcnure on Mammalun Tolerance
to "Long''-Duration Overpresaures . . e e s 16
9. Predicted Effects of Ambient Pressure on Tolera'\ce
i8

of the 70-Kg Mammal to "Long''-Duration Overpressures . .

v - amm—— B




THE EFFECTS OF AMBIENT PRESSURE ON TOLERANCE
OF MAMMALS TO AIR BLAST

Edward G. Damon, Charles 5. Gaylord, William Hicks,
John T. Yelverton, Donald R. Richmond, and Clayton S. White

INTRCDUCTION

Investigations have established that injuries from exposure to air
bLlast occur Ynore ofren in air-containing organs than in other regions of
the body. I-11" Ag the lungs are very delicate air-containing structures
and are more susceptible to blast injury than other vital organs, most of
the causes of death frormn primary-blast e(fects, such as coronary and
cerebral air embelism and pulmonary ireu(ficiency may be traced di-
rectly or indirectiy to pulmonary injuries.

A proposed hiophysical mechanism of air-blast injury, which has
gained increasing consideration in recent years, 18 that injury results
from implosion of tissue and fluids into gas - containing organs as an
effect 3{ violent compression of the body by the positive phase of a blast
wave. 1112 Thig concept suggests a direct relationship between the ex-
tent of lung injury and the change in volume which lungs lergo when
subjected to a blast load. Furthermore, the degree of change in lung
volume, in relation to the magnitude of the blast overpre. sure, would be
affected by the ambient pressure existing in the lungs at the tume of blast
exposure. |

Experiments involving exposure of mice to air blasts atdifferent at-
mospheric pressures have verified that ambient pressure does affect
animal tolerance to air blast. [4.15 Therefore, studies were extended to
inciude other mammalian species in order to devise methods of defining
the elfects of ambient pressure on human tolerance to air blast.

This report presents the results of experiments in which rats, guin-
ea pigs, goats, and dogs were exposed at d.{lerent ambient pressures to
long-duration reflected pressuree in shock tubes.

MATERIALS AND METHODS

General

The eifects of ambient presaure on animal tolerance to air blaar were
explored by exposing rats, guinea pigs, dogs, and goals tu shock waves at
altered ambient sressures in shock tubea. Previous studies have shown
that compression or decompression of animals soon after blast exposure
significantly affected the lethality. !4 Therefore, 1n :his study, all ani-
mals were held at the experiruental ambient pressure (P;) tor one hour
following blast exposure before returrung them to the ambient pressure
level (Po) of the laboratory. Lethality was asscssed during this one-
hour-hold period.
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Shock Tubes
12-Inch Diameter Shock Tube

The 12-inch diameter shock tube used for exporing rats and guinea
pigs has been described in a previous report. 16 For the present study,
the endplate of the tube \ ¢, fitted with a transparent window for observ-
ation of the animals dur...s the pcst-shot, one-hour-hold period. Each
animal was exposed to a reflected shock wave in a wire - mesh cage
mounted inside the shock tube against the endplate. Procedural details
for conducting these exposures have been reported. 14,15

24-40-Inch Diameter Shock Tube

The shock-tube arrangement in which dogs and goatls were exposed
is shown in Figure 1. The tube consisted of a compression chamber 24
in. in ¢.ameter and 3 {t long, and an expansion chamber 43 ft 10 in. in
length constructed of three sections: (1) a 20-ft length of 24-1n, diameter
pipe connected io the compression chamber; (2} a transition section 46
in. in length whnick increased the diameter of the tube from 24 to 40. 5 in..
and (3) a test section hav'ng a diameier of 40.5 ir. and a length of 20 ft.
A storage-tank reservoir, connected to the expansion chamber, was used
toc hold the desired pre-shot pressure level in the expansion chamber by
adding to or reducing pressure a8 required.

A diaphragm, consisting of sheets of Du Pont Mylar® plastic, sep-
arated the compression and expansion chambers. Each shret of Mylar
(0. 0l in, thick) had a bursting pressure of approximately 20 psi in this
tute. The compreasion - chambher pressure, necessary to produce the
desired reflected overpressure dose, was achieved by using an appro-
priate number of plastic sheets.

The dogs and goats were mounted against the endplate closing th-
test section, righi-side-on to the incident shock with a restraining har-
ness constructed of | -in. nylon webbing. Electrocardiograph (ECG)leads
were attached to the animale and passed through a hole in the endplate to
a Sanborn Twin-Beam ECG. The ECG cutput was monitored visually on a
cathode-ray oscilloscope to determine the time of death of each arumal.

Pressure-Time Measurements

Three piezoeiectric pressure transducers were used cn each test —
two to measure the peak refiected pressures and one to record the pre-
shot and post - shot, pressure-time events. Details of preelure-;iau§e
recording and calibrating systems have been previcusly reported. !6-14

For measuring peak reflected pressures, two pressire gauges con-
*aining sensors of lead metaniobate (Model ST-2, Suaquehanna Instru-
ments, Bel Air, Md.) were mounted flush with the inside wall of the tube
3 in, upstream f{rom the endplate. This arrangement placed the gauges
directly above the ba.x of the animal. The mean of the peak reflected
pressures recorded by the two gauges was taken as the overpressure doase
for a given test. A typical preasure-time waveform recorded by one of
these gauges is shown i Figure 2.

Pre-shot and post-shot, pressure-time events were recorded with a
quar:iz pietoelectric pressure transducer (Model PZ-14, Kistler Instru-
ment Curp., N. Tonawanda, N. Y.) mounted in tiie wall of the tube 9 in.
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upstream from the endplate. The signal from this gauge was passed via
a Kistler Amplifier - Calibrator into a cathode - ray oscillescope. The )
swcep on the oscilloscope was set at 5 sec/cm and manually triggered to
record the following:
(1) pressure change from Py to Pj,
(2) decompression {rom the immediate post-shot, static
pressure level (Py) to P, and
(3) decompressicn from P; to P,. This step was per- ]
formed after the animal was dead (as determined by ¢
the ECG) or, in the case of survivors, one hour
following the shot.

Pre-shot and post-shot presaurization and decompression times were
alsc measured with a stopwatch,

’
Pressure-Time Sequences
The sequences of pressure-time events to which the animals were
exprsed in each experiment are illustrated in Figures 3 a-d. Presented
in these figures are the mean times and pressures for the tests conducted
at experimental ambient pressures of 7, 12, 15, and 18 psia.
>

Referring to Figure 3d. the medn rise-time (the change in pressure
from Pg to Pjii.e., t1) was 7 seconds. The time at P; pre-shot (t2) was
443 seconds. With the rival of the shock wave, the pressure rose near-
instantaneously to the . eflected shock level (AP). The positive-phase
duratlion of the initial reflected wave was 36 meec (t3). Following the
shot, the pressure became stabilized in the tube at 30 psis, Pyp. It was

retained at this lavel for 17 seconds (t4) before it could be returned to
P; in 6 seconds (t5). The animals were then retained at this pressure ’ ®
le- 2] for ore hour (tg), after which they were decompressed to Pg in 7

seconds (t7,

Experimental Animals

The number, type, and body-weight data for animals exposed in this
study are givenin Table 1. Both sexes were used in all groups. )

In order to check for possible effects of the pre-shot and post-shot
pressure changes to which the animals were subjected, controls were ex-
posed to the most rigorous combinations of increase, hold, and release
of pressure (minus the blast) experienced by the test animals. No effects
from these pressure changes were detected in the control animals, K

Fatalities were autopsied soon after death; surv.vors were sacrificed
on the day following exposure.

Analysis of the Data

The reflected pressures required to produce 50 -per cent lethality
(LDsQ! for each experiment were determined by probit analysis of the
one-hour-lethality data, 19 Statisrical analyses indicated no significant b
differer _es in the slopes cf the probit regressions for the various testa
at the G5-per cent confidence level. As a result of these analyses, a sct
of parallel probit regressions for each species was fitted to the data for
all of the experiments. LDso pressures and their 95-per cent fiducials
were obtained from these paraliel regressions.
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TABLE )
ANIMALS EXPOSED TO AIR BLAST AT DIFFERENT AMBIENT PRESSURES
Kxperimental Number Body Weight, grame
Ambient Pressurs, of btandard
Speciee peie Aaimale Mean & Range Deviation
201.1
Rate 7.0 28 (170-227) al2. 6
(Spragws Dawley) 18, 8
12.0 40 (162.23%) als. 6
174.9
14.7 27 (157-23¢) “lé.8
192.1
16.0 76 (170-.219) als.
195.2
42.0 40 (160.271) a 22,4
191.0
Jotal 211 {1%7-271) «17,6
51%. 9
Cainea Pige $.0 4 (400-89%) aled. ¢4
(Eaglish Breed) 589, ¢
7.0 76 (491.0892) alSe ¢
421. 6
1.0 38 (400-471) «20.}
431.%
18.% 93 (397-499) «2%. 6
433. 4
40.0 43 {400-500) w29 4
491.5%
Total 238 (397-892) al27, 8
16. 7 xg
Doge 1.0 51 (18.24.7) s 2.7
{Mongrel) 17.8
12.0 1% (10.2-.29) o 48
17.1
1.0 30 {11,6-27.3) a )5
17.8
Total T (10.2-21.)) « 3.8
2.7 xg
Geats 1.0 1 (15-32.3) » 5.8
{Minmed Breed) 31.2
15.9 e {14,5-41,8) ell}
4.8
Total 4) (14,9-41.8) . 9.1
Tetal £ 1)
8
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RESULTS

Pathologica! Findings

The types of lesions sustained by the animals exposed to air blast at
diff-rent ambient pressures were not different from those gererally re-
poried in the literature on Blast Biology. The major types of injuries
exhibited were lung hemorrhage, arterial air embolism, hemothorax,
pneumothorax, hemorrhage of the spleen, kidneys, liver, walls of the
gastrointestinal tract, intercostal regions, and sinuses, and rupture of
the eardrums, eometunes with disruptici. of the auditory ossicles,

Results of the Probit and Regression Analyses

Results of the probit analysis are summarized in Tabie 2. Presented
are the probit equation constants, LD5g pressures,and ambicnt pressures
for each experiment. The results indicate that for each species the LDsp
pressures rose with increasing ambient pressure, Parallel doseresponse
curves fitted to the data are presented in Figures 4-7.

All tolerance values obtained to date for the five specis s of animals
used in ambient-pressure studies are presented in Table 3. Regressions
of the form, log y = a + b log x (where y = the LDgg pressure in nsig, a =
the intercept constant, b = the regression coefficient, and x = the experi-
mental ambient pressurs in psia), were obtained {or each species from
these data. Because the slopes of these regressions were not significantly
diffe rent at the G5-per cent confidence level, a set of regressions having
commaon slopes was fitted to the data. These curves and their equations

are shown in Figure B,

DISCUSSION

Effects of Ambient-Pressure Changes
on Animai Tolerance to Air Blast

The results of this study, which indicate that five species of mam-
mals exhibit uniformly increasing tolerance to air blast with increasing
ambient pressure, aredirectly applicable to animai response to "sharp'-
rising reflected pressures of "iong' duration. The data apply only indi-
rectly to situations involving animal exposure to non-idea! waveforms or
blast waveforma having positive-phase durations shorter than 1-2 meec
for mice, 2-3 msec for guinea pigs and rzts, and about 15 msec for dogs

and goats, 20, 21

Resuits obtained here were comparable to those reported by Kolder
and Wohlzogen involving exp'osive compression ¢f rats from initial pres-
sures of 1-} atmospheres to linzl pressures of 2-12 atmospheres, with
rise time to (inal preasure near i msec, and animals returned to normal
atmospheric pressure in approximateily 3 seconds after the test{l atmos-
phere = 14.7 psia). 22 LDgp vaiues for imtial pressures of 1, 2, and 3
almospheres computed from probit regression equations were 34.5, 69.0,
and 100.4 paig, respectively. These values compare favarably with rat
LDs5Q pressures of 38.8, 68.8, and 56.3 psig for imtial pressures of 1,
Z, and J atmospheres, respectively, 1n the present study.
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TADLE &
ALSULTS OF YROBIT ANALYSIS
Enperimental Nember LDy4g Ome-Hour Prebis [
Amblest Preseure, of AefNlocted Pressura, Lquativa Comstanty
Species P, (pola} Aaimaly AP (pelg) Intercept, 8 téope. B
1.0
RAale 1.0 28 (20.3-23.3) -he. 880 14. 010
.8
Rain 1.0 +0 (29.8-33, 9 -17.637 14. 819
4.9 “
Rete 14.7 tal (8. 2.4%. 8} »18. 953 14. 810
4.1
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3. 6
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13. 4 »
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104. 2
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Cegs 1.9 n (3%.1-3).9) <17, 154 1e. 810
$3.7
Dege 3.0 133 (48,3-99. 4) -30, 456 14. 610 )
. 0.4
Dege 180 » (63, 3-78. 3) +33. 183 14. 8¢ 8
3.2
Ceoate 1.e 49 {2).4-27.3) 49, 78l 1¢. 410
[T ]
Qeats 15. 0 14 (81.1-03. 1) 30, 968 (4. 010
)
]
i
10
v\ .




e R m____ﬂ,_‘,.,..m»—-‘-‘___—_l

il vesne.

-f 3
REFLICTED SMOCK PRESSURE, peig
) 20 30 40 30 60 70 3090100 80
o M T LM DARAE M | | MG IR shatt el mend | TT T T Yy vw»
3 .
[Ambiaat Proseure, r 12 T8 a2
pnie
e ”
S
7T -
[ 19
>
T <%0
»
& P -
7 - 490 &
x t 1ro
2 <10 w
- ] «
a0+ 460y
28 F 4s0 _
& o) 440 >
e o) -4 !oil
J g 420 g
IR A% o S
g } {0
£ '
S 1°®
(™
(a) RAT '
- ]
[ I v.2 L3 1.4 [N ] .8 1.7 '8 . 30 24 2 13

LOG REFLECTED SHOCK PRESSURT, peilg

Probit Mortality Lines for Rats Exposed to Reflected Preusures

Figure 4,
of 16-Msec Duration at Various Ambient Pressures.

(>

«@e




RCFLECTED SWOCK PRESSURE, peig
10 20 30 40 30 60 T0 80 90100 180
| v T LIRS BAAA | bl } vy TV AR S

" Ambiest Proseure,
..‘.

4 12 188 40
/

'

~

<Q
“TRCENTY

40

[ 4
Ty vy 7 r YT Yy

MORTALITY,

MORTALITY, PROSIT UNITS
v

L4

/

(- BN | 1.2 (R } e 13 14 LY 8 19 20 24 2 23
LOEG REFLEICTED SNOCK PAESIURT, peig

(b) GUINEA Pie

Figure 5. Probit Mortality Lines {for Guinea Pigs Exposed to Reflected
Pressures of 16-Msec Duration at Yarious Ambient Pressures.




REFLECTED SHOCK PRESSURE, pseig

10 20 30 40 30 ¢0 70 8030100 180
————T LAAASS RAASE NSt M0t 1aad e anes sy Bt ot EREIR SR SR M SRS
[ Ambient Prossure,
B paie 7 12 1 ]
b 19
LA o
i {09
- r -l°
AN
x } 1%} 1%
2 L - 70
-
e T - 60
o3 30
[N L Fay - 40
> ot 4 30
3 i
1‘ 20
s | <10
2
[ {s
} =
s (€) ooe¢ '
r-
P S DU WU THUW PUTE SO T TUTU UWOU TWUE TVOW PR TS FUUTY FUDY

10 [N ] 1.3 .3 (X ) 1.9 .6 [} [ ] (K ] 20 b X 2 23
LOG REPFLICTED SWOCK PRESSURTL, pelg

Figure 6. Probit Mortality Lines for Dogs Exposed to Reflected
Pressures of 35-Msec Duration at Various Ambient
Pressures.

13

PERMCENTY

MORYALITY,

WPpo e -

@

o@e




RENLCTED SNOCK PRESSURE, pulyg

10 0 30 0 30 ¢0 70 80 9000 180
MDAS LAASAS RAMS Dibied Mkt et S oeet st st o IR SASR Bn oY \LORAS
Ambdigat Pressure
3 seie e e, 7 A 18
g -
T b=
i 4
r -
re b >/ 1
= | B
>
= [ ]
[ g T
el <
s | ]
-
sl
8 o -
' -
4
r
) W
[ (d) goar
'] N W TS PUUY TTTE CUH TUTE TUTY FUWE TUTY TOW U T Y TUTE SUTY

1Y I N +.2 L3 1.4 .9 Le (84 "8 % 20 2 22 1)

LOS RENUCTED $nOCK PRTSSURT, poig

Figure 7. Probit Mortality Lines for Goats Exposed to Reflected

Pressures of 35-Ms=c Duration at Various Ambient
Pressures.

14

® o
c o

~~ »
© o
PERCEMT

A 00
0 0o

L
]
MORTALIYY,

~
(-]

» B

R e gy ssa——

——— ——




%

a
[ ] [ ] [ ) o e
*y
-
‘L omedegeyg wei) HieQ ,
e ORI ES Y e ) 9IvQ Q
~SPPE] somopies) vuer aed-gp o
(24 2 S la 4] (1 {0 o™ 28 1
tee * 't ne L°18 114
(YT &1 2 4
[ L0 4 [, ] [ o4
(v 16t ')
[ { 138 e
(rr°¢c-oL°e)
Wt L g s et
teg-v-g9°1) 6o z-¢v -2 (R e 2d { O 4]
16°¢C *ol "'y 1™ 13 28 4 £ » [ 3]
iz 'v-1v'¢)
[T § 6°9% [1]
(99 °¢-09"7)
"y ' [ 2
{re°v-50°") 156°% +0°0) (60 °¢-69 't} 178 o LN &) (T 4 1 ¥ 2
STy U 4] [ 1 2 4 1°¢8 [} B 9 138 0 "t | S 1 4]
(o8 "¢-9¢ 1) (vg°9-91°9} (0 °¢-2t°n) (0% "¢ -0d "7 Q:O.n.qhd_
0yt 2°82 3 2 J €1t 1-°F L N 14 L 22 ¢ L 2 4 4 o2 tor 3
(ze'2-28 1)
T3 ] Y | §
\FYPT] (F1ed) 1474y “(Fyed; 13ied) ta/daw Ted) d/dv Ted) (e10d)
otrey 4v ouvy av dv enivy 4v ey av ‘e
FLYIYY P noousg ssnseesg §roug §ooug s1naveag w >eng sanesesg 1 roug ‘asnevei g
poirsgeyg pmzepey peidepey _ pmiregey poideynry reogwy
vinssws g 051 eaneensg VS esnenesyg 95 eirsnesyg 0899 wansensg 0% Bdalaallonek |
o) Yoq Tid Csuing vy «
1SVI8 IV OL FIVIGAVYIM 40 IDRVETITOL NO JUNSEIUS LINTENY 10 $10374243
t Tisvl
- - - -~

.- e iy

15

N e e




LOgo PRESSURE, psig

-—©—— MOUSE
ee-@-e-- RAT
- —@r- = GUINEA PIG
—-*--— ooc
........ ¢ GOAT
200
100 |-
90
80
70 ¢
§0
30+
40 -
3O
20
lo 4. A 4 S W Y ke A A 1
2 3 4 5 6 T7T89%I0 20 30 40 50

EXPERIMENTAL AMBIENT PRESSURE, (P), psia
REGRESSION EQUATIONS:

MOUSE Logy = 0.599 + 0.828 log x
RAT Logy = 0.622 + 0.828 log x
GUINEA PIG  Logy » 0.650 + 0.828 log x
DOG Logy = 0.812 + 0.828 logx
GQAT Logy = G.789 + 0.828 log x

Where y » LDSO PRESSURE, peig

x » EXPERIMENTAL AMBIENT
PRESSURE, (P‘). paia

Figure 8. Effects of Ambient Pressure on Mammalian

Tolerance to "Long' -Duration Overpressures.
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The animal exposures in these experiments differed from the true
blast situation in the open in that the pressure in the shock tube. after
each shot, momentarily stabilized {11-17 seconds) at a static level abave
that of the pre-sho! ambient pressure before it could be reduced to the
experimental ambient-pressure level. This difference, however, was
probably of little biological significance because the LDsq values obtained
in the studies for guinea pigs and dogs at the normal ambient pressure
(12 psia) were in good agreement with those previously obtained fr~m
animal-blast exposures free of such aberrations; for example, the 4. 6-
and 53. 7-psig values for guinea pigs and dogs, respectively, in the pres-
en’ study, as compared with 34.5 and 52.9 psig for these species exposed
in a shock tube with open vents at 12 psia to overpressures of near 400-
moeec duration. 17,23 Additional similar comparisons suggest that it was
th= initial "sharp' rise in pressureand the durationof the gositive phase ot
the blast wave that were significant in causing lethal blasi injuries, and
not the immediate post-shot pressure events to which these animals were
subjected. Because lethality was assessed during the one-hour, post-
shot period in which survivors were held at the experimental ambient-
pressure level before returning them to the norrmal atmospheric pressure
level, the mortality data can be considered frce of any bias due to thia

last pressure change.

The partial pressure of oxygen {PQ;) in the ambient air during the
post - shot, one-hour-lold per.od was dependent upon the experimental
ambient pressure (Pj). Control experiments indicated that animals not
subjected to blast injury tolerated the lowe st and higheat pressures (with
their attendant Poz values ) for the times involved in the experiments
without detectable effects. Possible effects of differences in the Pgp on
one-hour survival of blast-injured animale ir experiments of this type
have not yet been investigated.

Estimates for the 70-Kg Mammal

As the curves nresented in Figure 8 have common slopes, their re-
gression coefficient was used inderiving the following general equation
for mammals:

logy s a+0.828 log x
where: y = the LDsg pressure in peig

a = the intercept constant for & particular species
X ®* the ambient pressure at exposure in psia

An equaticn for the 70-kg mammal was then derived {rom this gen-
eral equation. The estimated LDgg prelnuri of 52 psi at an ambient
pressure of 12 peia, as previcusly reported, 0 for the 70-%g mammal
was used in order to obtain the intercept constant for the regression. The
resultant curve and ite equation, presented in Figure 9, may tentatively
be used for estimating human tolerance to "sharp'-rising overpressures
of "long" duration at different ambient pressures. [t should be noted that
all data on which the re;ression 1s based were obtained from blast expo-
sure of animals against refllecting sur{aces.
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REGRESSION EQUATION:
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70-Kg Mammal to "Long"'-Duration Overpressure.

i3

&




Pressure Ratio

The data in Table 3 indicate that the ratio of the LDgg reflected pres-
sure (AP) to the experimental ambient pressure {P;) generally decreased
with increasing ambient pressure. This trend was clearly indicated by
the mouse and rat data, but was less evident from the data for the other

three species.

The fact that the LDgo-AP/P; pressure ratio did not tend to remain
constant with changesin P; was indicatedin 10 of 16 experiments at altered
ambient pressures wherethe LDgg- AP/ P; ratio wasoutside the 95-per c °nt
confidence limits of this ratio for the given species at normal ambient
pressure {12 psia). As the majority of these data do not indicate that the
LDsp pressure ratio is a constant for each species, the curves and re-
gression equations preaented in “igures 8 and 9 should be used for scaling
LDso pressures to differences 1 amb nt pressure instead of using the
normal LDgp-pressure ratio as a factor for biological blast scaling ae
tentatively suggested in an earlier work. 14

Practical Implications

The results of these studies have sig: ‘ficant implications in assesaing
hazards {rom blast exposures in pressurized or evacuated spaces, such
as caisson tunneling and mining operations, cabina of aircrafs aloft, space
capsules, and perhaps underwater for certain conditions of expesure. For
example, i1 a given biological response, such as 50-per cent lethality,
results from exposures to '"long''-duration blast waves wii! peak pressures
near 60 psi at a sea-level surface, then where an ambient air pressure of
3 atmospheres exists, peak pressures of slightly more than 150 psi would
be required to produce the same effect; e. g., underwater tunneling has been
carric “outabove and below the ambient pressures noted hers and sxplosions
in such locations, all other factors being comparable, would ba less haz-
ardous than at sea level,

The meaning of the present study as far as underwater blast is con-
cerned is more difficult *» assess for a number of reasons. Among them
are complicating events . .chae the depth of the water and explosive charge;
tl.: location of the target with respect to the water surface and the bottom:
positive reflections from the latter, the magnitude of which — among other
thirgs ~ is a function of the nature of the bottom; and negative reflections
from the surface, which critically influence the duration of the overpres-
sure, the pulse being very short for near-surface locations and progres-
sively longer with increasing aepth. Also, there is the fact that the dura-
tions of blast overpressures in water are generally much shorter thai in
air. Too, there are no Jdoubt lifferences in the efficiency with which en-
ergy is imparted to a biological target by blast waves in air on the one
hand and in water on ths other. Such factors make it clear that a straight-
forward increase in blast tolerance may or may not occur for exposures
atincressing depths underwater. Without question, the matter is complex
and is hardly within the scope of the experiments reported and die 1esed
here.

Implicit in the present study, but documented elsewhereé, 10, 14,15 i,
the fact that post-exposure pressure changes have important effects on
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chances of survival of thoseinjured by blast. As movement and evacuation
of blast casualties may entail subjecting them to changing ambient pres-
sures, those who treat blast casualties should know and remember that
decompresaionis very hazardous toblast patients, particularly if it occurs
soon after injury suchas during early air evacuation. In contrast, imme-
diate or early compression nas reduced mortality significantly in experi-
mental animals and no doubt would be effective in man; viz., blast injury

occurring in fligh* in aircraft would subsequently be benefitted by flving at
the lowest practical altitude,

Finally, though the results of the present study clearly indicate am-
bient pressure is a physical paraneter of major importance in specifying
blast effects, investigations to date have been limited to assessing animal
response to 'sharp''-rising overpressures of '"long" duration. Further
work will be required to demonstratethat ambient pressure variation is of
significance either for non-ideal waveforms or for blast ovarpressures
enduring for quite short periods of time.
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